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PREFACE

The study described in this document was carried out under the
overall direction of a Departmental Task Force consisting of the
FTA and FRA Administrators and the Counselor to the Secretary of
Transportation. The program manager was S. Barsony of the Federal
Transit Administration. The Volpe Center effort was directed by R.
Madigan; J. Hopkins was responsible for technical coordination of
the efforts of the multi-disciplinary study team and integration of
its efforts. Other key Volpe Center staff members on the team
included P. Mattson (civil engineering), M. Safford (institutional
and financial aspects), and D. Pickrell (ridership and benefits).
‘Extensive technical support was provided by Parsons Brinckerhoff

Quade & Douglas, Inc, under the direction of J. Harrison; K.
Ullman conducted the curve analysis, a critical element of the-
study. Estimates of future ridership were developed by Charles
River Associates. The study benefitted greatly from the active

cooperation of many organizations and individuals; appreciation is
expressed particularly to R. Rathbun (Connecticut Department of
Transportation), E. Courtemanch (Amtrak), and H. Permut (Metro-
North Commuter Railroad).

Abbreviations Used in this report:

CDOT Connecticut Department of Transportation
CR Conrail

FRA Federal Railroad Administration

LIRR Long Island Rail Road

MBTA Massachusetts Bay Transportation Authority
MNCR Metro-=North Commuter Railroad

MTA Metropolitan Transportatlon Authorlty

NEC : Northeast Corridor

NECIP - Northeast Corridor Improvement Program
NJT New Jersey Transit

P&W Providence and Worcester Railroad

RIDOT Rhode Island Department of Transportation
ROW . Right-of-Way

TPC Train Performance Calculator

UMTA Urban Mass Transportation Administration (Now the

Federal Transit Administration)
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COMMUTER-INTERCITY RAIL IMPROVEMENT
STUDY (BOSTON-NEW YORK)

EXECUTIVE SUMMARY

INTRODUCTION

This study documents potential system improvements to benefit
commuter and intercity rail passenger service in the Boston-New
York corridor. The study was conducted by the Volpe National
Transportation Systems Center (VNTSC) for the Department of
Transportation under the direction of a Task Force established by
the Secretary of Transportation.

Background

The Northeast Corridor (NEC) serves a populous and heavily
travelled region for which railroad passenger transportation is
particularly suitable. Extensive Commuter rail passenger service
on the Corridor is essential to the metropolitan areas served.
Seven transportation authorities and railroads use more than one-
half of the 231 miles of NEC between Boston and New York to
provide commuter rail services for over 100,000 riders every
weekday. This represents well over 90% of NEC riders and 2/3 of
total passenger-miles on the Corridor.

The Corridor has long had a major role in intercity passenger
travel, currently carrying 2.3 million riders annually on the route
between Boston and New York. Growth of airport and highway
congestion has contributed to increased interest in improving
passenger rail performance on the northern half of the NEC. The
$2.5 billion Northeast Corridor Improvement Program (NECIP) of the
1970s and 1980s resulted in a reliable trip time under 3 hours for
rail travel between New York and. Washington, which in turn
contributed to a high level of ridership. The shortest Boston-New
York rail travel time is currently just under 4 hours, which has
not proven to be competitive with air transport for many time-
sensitive travellers on this route.

Much of the Corridor’s fixed plant, such as bridges and catenary,
is 80 years old or older. As a result, major rehabilitation and
replacement will be required simply to assure safety and bring the
railroad to a state of good repair. The responsible agencies are
currently planning and conducting programs to meet those needs, but
funding constraints are such that the necessary rehabilitation will
take many years, and new needs continue to accumulate. Similarly,
investments are being made to shorten trip times, but there is no
assurance that funds will be available after 1991.



The multiple services which the Corridor supports are reflected in
a complex institutional structure.. Table 1 shows the division of
responsibilities among various organizations for the Boston-New
York portion of the NEC.

TABLE 1. INSTITUTIONAL ROLES AND RESPONSIBILITIES FOR THE NORTHEAST
CORRIDOR BETWEEN BOSTON AND NEW YORK CITY.
From To Distance || Owner | Maintenance | Dispatching { Commuter | Commuter
{miles) : Service Authority Service
Penn Station Harold Interlocking 4 Amtrak Amtrak Amtrak LIRR MTA
Harold Interlocking - LIRR LIRR LIRR LIRR MTA
Harold Interlocking | Shell Interlocking 15 Amtrak Amtrak Amtrak - - Conrail
Shell Interlocking NY-CT State Line 10 ' MTA MNCR . MNCR MNCR MTA Conrail
NY-CT State Line New Haven 46 CDOT MNCR MNCR MNCR CDOT Conrail
New Haven Old Saybrook 33 Amtrak Amtrak Amtrak . Amtrak cooT Conrail
Old Saybrook RI-MA State Line " 86 Amtrak * Amtrak Amtrak ‘ ’

RI-MA State Line Boston 38 MBTA Amtrak Amtrak Amtrak MBTA Conrail

* RI DOT owns approximately 1/4-mile of track through and adjacent to Providence Station.

Purpose

In response to the Administration’s goals expressed in the National
Transportation Policy, VNTSC performed this study to identify and
characterize costs and benefits of improvements which could be
achieved in commuter and intercity rail service on the Boston-New
York portion of the Corridor. The study focused in particular on

the following questions: ’

o What improvements are needed to assure safety and continued
reliable operatlons on the Corridor?

o What could be done to the NEC fixed plant infrastructure to
achieve substantially faster and more reliable commuter and
intercity rail service?

o What degree of rail service improvement is attainable for
various levels of capital investment, and what is a logical
sequence or order for implementing these improvements?

o What benefits would various levels of improvement have for
intercity ridership on rail, air and highway modes?

(o} What benefits would improvements have for commuters?

The study clarifies the nature, cost and benefits of major
investments in the Boston-New York rail infrastructure. As such,
it can provide a basis for developing the consensus among owners,
operators and " all 1levels of government necessary for policy
formulation and decision making. It brings together, in a consis-
tent and comprehensive manner, the results of studies, analyses and
estimates by the involved public agencies, operating railroads and
others, as well as independent assessments by the study teamn.



The study is not a program plan for the improvement of the
corridor, and therefore does not include new designs, nor does it
refine existing designs initiated by the participating public
agencies and railroads.

Methodology

General Approach: The study identifies major infrastructure
rehabilitation and improvement projects and organizes them into a
logical hierarchy of overall programs. As appropriate, it
integrates the results of prior studies of infrastructure needs
using 1991 cost estimates. Potential savings in intercity trip
times from each of the five programs are calculated for various
types of equipment using the proven Train Performance Calculator
(TPC) computer program. Commuter trip time impacts are also
estimated from the TPC results for the express portions the run,
assuming no gains for nonexpress segments. However, rolling stock
investments and normal operating and maintenance costs are not
analyzed. Ridership gains are projected from demand models based
on the calculated schedule times for the different improvements.
The study also estimates the benefits in time savings for both
intercity passengers and commuters.

The major projects comprising alternative improvement programs are
identified and characterized, but no single blueprint is presented
for upgrading the Northeast Corridor. That must await consensus as
to goals, funding, and process among the many involved private and
public bodies. Detailed schedules, cost estimates and spending
plans for any accepted program could then be developed.

Assumptions: Key assumptions of the study were as follows:

o Time Frame: Project implementation and funding allocation is
assumed to occur between 1991 and 2000. Ridership projections
are for 2010.

o Route/Right-of-Way: Improvements considered are primarily
those that can be made within the existing right-of-way, with
the exception of a new inland route segment recently studied
by Amtrak.

o Rolling Stock: The performance projections assume equipment
that is now available, or sufficiently developed and tested so
that it would be available for revenue service. Costs would
depend on the 1level of service and other operational
variables.

o Speed on Curves: The study assumes that with modern rolling
stock and rehabilitated and reconfigured track, higher curve
speed limits will be acceptable in terms of safety and passen-
ger comfort. '



IMPROVEMENT PROGRAMS

A hierarchy of five alternative programs was defined. All programs
include a basic set of five projects needed to maintain safety and
rehabilitate existing infrastructure. The program alternatives are
tabulated at the end of the Executive Summary. The first program
(System Rehabilitation) consists only of these five projects. The
other four programs include concurrent implementation of system
improvement projects, offering shorter trip times while requiring
higher 1levels of funding. Most of the projects in the Systenm
Rehabilitation program are already in progress, but are not fully
funded. :

Program 1: System Rehabilitation

The System Rehabilitation Program consists of five projects
necessary for improved safety and for replacement of major system
elements which have exceeded their normal service 1life. This
program represents a continuation of an ongoing process. Over half
of the projects are at least partially funded. More than $100
million has been obligated to date. The various responsible
agencies are developing long-term plans covering most of the
projects which comprise Program 1, although funding constraints
limit the pace of implementation.. '

The system rehabilitation projects. would be needed for continued
safe and efficient operation, in essentially the same form, in the
absence of any speed and reliability improvement efforts. Thus,
they are necessary elements of all system improvement. programs, but
need not be completed prior to initiation of system improvement
projects. ' Program 1 includes two safety projects: replacement of
Peck Bridge, and fire safety ventilation and other improvements to
Penn Station and the East River Tunnels. It provides a necessary
framework for substantial improvements in speed.

Program 1 yields improved reliability and slightly reduced trip
time for commuter and intercity services. Boston-New York
schedules would be shortened by several minutes, primarily by
greater speeds at some movable bridges and operation use of two
diesel locomotives rather than one between Boston and New York.
Maximum operating speed is 110 MPH. The currently unfunded portion
of the cost of this program is estimated to be $1.1 billion (in
1991 dollars). Approximately one-third of this.sum has been
programmed by the various operating authorities, based on expected
funds availability during the next decade.

Program 2: Basic System Improvements

The Basic System Improvement Program includes the five projects in
the System Rehabilitation Program as well as ten projects to
improve service reliability and speed. More than 30 minutes can be .
cut from intercity running time by trackwork and signaling, in
conjunction with higher allowed speeds on curves, that increases
running speeds to a maximum of 130 MPH. Modernization of the New
Haven terminal area will eliminate an extended region of very slow
speeds, cutting an additional 5 minutes from the trip. Other
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projects are necessary for capacity enhancement, grade crossing
improvements, assured service reliability and avoidance of serious
delays at locations where intercity and commuter lines merge or
cross.

The rehabilitation projects need not be completed, nor some even
initiated, prior to beginning speed and reliability improvements.
Most of the system improvement projects in Program 2 are already at
least in the preliminary design phase, and expenditures or commit-

ments of $80 million have already been made. The highest Boston- :

New York average speed attainable with this program is 75 MPH. The
program adds a cost averaging $50 million/year over 10 years to the
system rehabilitation program, but yields a trip time approaching
3 hours for Boston to New York. Significant time savings are also
- achieved for commuters in the New York area.

Program 3: _ Basic System Improvements and Electrification

Program 3 adds electrification of the route from Boston to New
Haven to the projects of Program 2. Electrification, for which
initial design funds have been provided, eliminates the- engine
change in New Haven, a saving of almost 9 minutes, and allows use
of electric locomotives for the  Boston-New Haven segment. . The
electric units, with higher acceleration, operating at up to 130
MPH, will further reduce trip time by almost 6 minutes. Electrifi-
cation also facilitates run-through operation between -Boston and
Washington, necessary for improving Pennsylvania Station and East
River Tunnel capacity and providing high-speed service to and from
points south of New York. Average speed for express service,
depending on rolling stock, is slightly above 80 MPH, with a
projected best trip time slightly less than 3 hours.’ Significant
time savings are achieved for commuters in the New York area, and
potentially in the Boston area. : T

Electrlflcatlon 1ncludes assoc1ated signal upgrade and brldge
clearance projects. Program 3 requires an additional expenditure
of $470 million. 1In 1991 $25 million was appropriated by Congress
for electrification design; Amtrak has recently solicited and
received bids for the project. : :

Program 4: .All Systém Improvements and Electrificatiqn

This program includes all projects in Program 3 and adds a program
of realignments to permit higher speed on curves, primarily between

Providence and New Haven; maximum speed is 130 MPH. The curve

realignments are estimated at $715 million, and would yield an
average speed of about 90 MPH. These improvements provide an
additional reduction in trip time of about 11 minutes; the Boston-
New York trip could be completed in less than 2-3/4 hours.

If the Boston-New Haven line were electrified pridr to implementing
realignments, the cost of subsequent curve straightening would be

substantially increased. Thus, a choice between Programs 3 and 4.

must be made. prior to implementation; Program 4 would not be
practical as a later upgrade from Program 3. Selection of Program
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3 would be likely to preclude the possibility of obtaining the trip
time reductions associated with straightening of these curves.

Program 5: Shore Line Bypass

Program 5 adds to Program 4 a new routing to avoid the most curve-
intensive portion of the route. The "Shore Line Bypass," recently
examined by Amtrak, is a 50-mile long 150-MPH right-of-way to
replace the most curved section of the route along the Connecticut
and Rhode Island shore east of New Haven. This route could yield
an average speed of approximately 95 MPH. The $850 million cost
increment from Program 4 takes into account deductions for costs in
Programs 2 through 4--such as some of the curve realignments--which
would not be needed if a bypass were constructed. However, those
-deductions would not apply if Program 3 or 4 was implemented and a
later decision was made to construct a bypass. The Boston-New York
trip time could be 2-1/2 hours or better, depending on the
operating equipment.

The four system improvement programs yield projected Boston-New
York trip times of from 3 hours down to less than 2-1/2 hours,
depending on the level of investment and the rolling stock used,
along with substantial speed and reliability beneflts for commuter
rail service. :

SPECIFIC IMPROVEMENT PROJECTS

Table 2 shows the system rehabilitation and improvement projects
identified and the hierarchy of programs developed from them. Cost
estimates for each of the programs include fixed-plant. capital
costs only; rolling stock is not included. All costs are in 1991
dollars, and do not include funds already appropriated for specific
projects. Independent engineering cost estimates, based on prior
studies and other information from NEC owner and operator agencies,
were made for individual projects for which no recent detailed
analyses were available. In most cases, these estimates included
escalation by 30% to include contingencies and an additional 23%
for combined design, management and administration functions.
Program elements, costs, and proposed sequencing for all programs
are presented in Figures 1 through 5 at the end of thls Executive
Summary.

Actual future-year project funding would be higher than shown, due
to the effects of inflation. For example, the replacement of Peck
Bridge is shown in the table as having an unfunded cost of $86 °
million in 1991 dollars. However, during 8 years of design and
construction the cost will be $129 million in current-year (esca-
lated) dollars, of which $23 million has already been appropriated,
leaving $106 million still required. Table 2 shows only unfunded
cost. It does not, for example, include the $25 million already
provided in the 1991 FRA appropriation for electrification or the
$25 million for Shell Interlocking. The breakdown between funded
and unfunded costs is shown in Figures 1-5.



PERFORMANCE AND COST OF THE PROGRAMS

Table 3 shows, for each improvement program, the projected minimum
running time between Boston and New York City for express (Metro-
liner-type) service. Run times are based on computer simulation
plus a 5% schedule allowance for normal variations and delays.

Travel time estimates assume the four intermediate stops of
Amtrak’s present New England Express schedule (Back Bay, Route 128,
Providence, New Haven). Six-coach trains were selected for train
performance calculations, as 1is consistent with proposed future
express service. The trip times shown in the table are the best
which might be achieved. Reliable attainment of those values would
require full validity of all assumption and railroad operations
which meet the highest standards of precision and reliability in
all respects. Practical scheduled running times could be several
minutes greater than the values shown in Table 3. An additional
stop in Stamford, which is 1likely for many trains, would add
approximately 3 minutes. : ~

TABLE 2. COST OF PROJECTS COMPRISING NEC ALTERNATIVE IMPROVEMENT PROGRAMS IN
MILLIONS OF 1991 DOLLARS. A
PROGRAM: 1. SYSTEM 2. BASIC SYSTEM | 3. BASIC SYSTEM 4. ALL SYSTEM 5. SHORE LINE
REHABILITATION IMPROVEMENTS | IMPROVEMENTS AND | IMPROVEMENTS AND . BYPASS
ELECTRIFICATION ELECTRIFICATION

REHABILIT A
PROJECT. 3 .
Penn Station/Tunnel $ 366 M $ 366 M $ 366 M $ 366 M $ 366 M
Catenary Replacement 350 350 350 350 350
Peck Bridge Replacement 86 86 86 86 86
Movable Bridges 64 64 84 64 10
Fixed Bridges 213 213 213 213 213
Harold Interlocking 65 65 65 65
Shell Interlocking 30 30 30 30
Stamford Island Platforms 30 30 30 30
New Haven Terminal Area 55 55 55 55
New Hvn-Norwalk 4th Trk 20 20 20 20
Canton Viaduct 9 9 9 9
Track Improvements 214 214. 214 214
Signal Sysfem Upgrades 14 39 44 44
Grade Crossings 10 10 10 0
Station Improvements 32 32 32 32
Electrification® 445 445 445
Curve Realignments 715 450
Bypass Alignment 1180
TOTAL PROGRAM COST $1.18 $1.6 B $2.08B $2.7 8B $3.6 B

* Electrification figure includes cost of achieving adequate bridge clearances.

NOTE: Some projects have already received initial funding by State or Federal agencies. The cost shown in this table is that
portion of the total cost in excess of current and past appropriations, expressed in 1991 dollars. Values shown here generally
will not agree with escalated budget figures for future years.
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As shown in Table 3, four motive power alternatives are considered
in establishing the range of trip time which fixed plant improve-
ments could yield. Assessment of the suitability of specific
rolling stock to actual Corridor operations is not within the scope
of this study. The current-technology diesel and electric units on
which trip time projections are based are assumed usable with
either conventional coaches or with cars having a tilting suspen-
sion, which would permit somewhat higher speed on curves. The
high-speed electric equipment represents advanced technology now in
use in Europe.

The "turbo" power unit used for trip time estimates is patterned
after gas turbine equipment now in service on Amtrak’s Empire Line,
for which two power cars together have a net of 2280 HP. A version
making use of twin turbines of newer design on each power car, with
a total power of 5800 HP, has been proposed. If this equipment
were successfully developed and tested, turbo trip time would be
improved. However, even an advanced turbine train would be likely
to have weaknesses in NEC service. It would not be suited to
Boston-Washington run-through service, and would have to resolve
concerns relating to third-rail operation in tunnels and opera-
tional reliability and flexibility.

TABLE 3. ESTIMATED RUNNING TIME BETWEEN BOSTON-NEW YORK FOR EXPRESS
(METROLINER TYPE) SERVICE. (HOURS:MINUTES). Cost shown is that portion of total cost
for which no funds are currently appropriated, in 1991 dollars.

PROGRAM: 1. SYSTEM 2. BASIC 3. BASIC SYSTEM 4. ALL SYSTEM 5. SHORE LINE
REHABILITATION SYSTEM IMPROVEMENTS AND | IMPROVEMENTS BYPASS
ROLLING STOCK: IMPROVEMENTS ELECTRIFICATION AND ELECT.

CURRENT DIESEL/ 3:47 3:07
ELECTRIC (NEC)’

LECTRIC AND GAS'

CURRENT DIESEL/ 3:46 3:02 “NOT APPLICABLE .
ELECTRIC WITH TILT o o

CURRENT TURBO

(Empire Line)?

ELECTRIC? 2:4 2:29
ELECTRIC/TILT 2:37 2:28
HIGH-SPEED 2:35 2:22
ELECTRIC*

HIGH-SPEED 2:33 2:21
ELECTRIC/TILT

TOTAL PROGRAM $1.18B $168B $208B $278B $ 3.6 B°
COST ($B)

Footnotes: 1. 2 F40P diesel-electric locomotives Boston-New Haven; AEM7 electric New Haven-New York; 10 min. change.

2. Gas Turbine-powered equipment comparable to that used for current Amtrak Empire Line service.

3. 1 AEM7 locomotive, modified for 150 MPH for Program 5; use of 2 AEM7's improves time by 5 minutes.

4. Lightweight, high-powered equipment comparable to TGV or ABB trainsets.

5. Estimate includes adjustment for movable bridge and curve projects made unnecessary by the bypass.
All trains consist of six coaches and make 1%-min, stops at Back Bay, Route 128, Providence and New Haven. Computed times
are increased by 5% to allow for operational variability and uncontrollable delays. All programs assume acceptability of higher
speeds on curves than are now allowed (6" superelevation, 6" unbalance for conventional coaches and 8" for tilt suspensions) -
See Section 4.



Rolling stock cost and operating and maintenance expenses were not
analyzed in detail. However, a rough estimate of rolling stock
capital cost is possible. Trainsets, consisting of two power units
and six coaches, are expected to cost about $20 million each. As
many as 15 to 20 such trainsets might be needed to augment the
existing fleet, depending on the program selected and the resulting
ridership levels.

BENEFITS

Table 4 summarizes estimated benefits expected to result from
improved commuter and intercity running times for each of the four
system improvement programs. Projected ridership is shown along
with three benefit measures: number of riders projected to be
diverted from air and highway modes; cumulative hours of time
savings by commuters and intercity riders; and potential annual
Amtrak net operating income arising from each program. All
benefits are estimated for the year 2010. The projected ridership
figures can be compared to the 1989 total of 2.3 million passen-
gers, the 3.4 million projected for 2010 in the absence of any
improvements or operational changes, and approximately 3.9 million
for system rehabilitation only, accompanied by hourly departures of
both conventional and New England Express-type service.

Table 4 shows mid-range values of ridership for the various rolling
stock alternatives. An important factor in generating this
ridership 1is .the assumption. of increased intercity departure
frequency. Improved nonexpress service (approximately 30 minutes
slower than express, but with more intermediate station stops and
a lower fare) is assumed to coexist with higher speed Metroliner-
type service; it contributes a large portion of the time savings
for intercity riders. Table 4 includes trips between points
within the corridor and locations south of New York.

The improvement program to be implemented--which defines  the
overall rail system of which each project is a part--must be
defined before detailed design of that project and sequencing of
construction can be completed. Some projects have direct logistic
connections with one another, as with trackwork, signaling and
electrification. Others are linked operationally, such as Stamford
Platforms and improvements at Shell Interlocking, or are connected
through the need to minimize disruption of traffic during construc-
tion. Improving the Corridor one project at a time, without clear
definition of the planned end state, would be very inefficient and
yield poor results.



TABLE 4. SUMMARY OF RIDERSHIP, DIVERSION FROM OTHER MODES, TIME
SAVINGS TO RIDERS, AND CHANGE IN AMTRAK NET REVENUES

PROGRAM: 2. BASIC 3. BASIC SYSTEM | 4. ALL SYSTEM | 5. SHORE LINE
SYSTEM IMPROVEMENTS AND | IMPROVEMENTS BYPASS
IMPROVEMENTS | ELECTRIFICATION AND ELECT.
ANNUAL INTERCITY RIDERSHIP 4.7 5.0 5.3 5.6
11 {(MILLIONS)
NEW RIDERS DIVERTED FROM: AIR: 1.6 1.9 : 2.1 2.4
(MILLIONS) '
HIGHWAY: .5 . .5 .6 .6
ANNUAL TIME SAVINGS (MILLIONS
OF HOURS) COMMUTERS:| - 5.0 S 5.8 5.8 5.8
INTERCITY: 2.6 4.1 4.7 5.1
POTENTIAL CHANGE IN AMTRAK $36-55M 1 $97-116M $123-136 M $146- 168 M

ANNUAL NET OPERATING INCOME
(MILLIONS OF DOLLARS)

CONCLUSIONS

1. Program 1, System Rehabilitation, costing about $1.1 billion,
is needed to assure safety and maintain the present 1level of
intercity and commuter rail service between Boston and New York.
Some of this work has been initiated by the responsible agencies,
but funds ‘available or planned for these projects over the next
decade represent about one-third of the amount needed for full
implementation. These projects will contribute to Corridor safety
and reliability well into the next century.- -

2. Trip time can be improved substantially using existing tech-~
nology and with little or no excursion beyond the existing NEC
right-of-way. The time for a trip from Boston to New York could be
reduced to approximately 2% to 3 hours, depending on the size of
the investment made and the rolling stock selected.

3. Much of the NEC investment would be in segments heavily used by
commuter rail passengers. These commuters would, in many cases,
experience long-term service improvements comparable to those for
intercity riders, as well as increased system capacity. Estimated
cumulative time savings for commuters in the year 2010 are 5.8
million hours annually. On the other hand, commuter railroads will
bear much of the burden of service interruptions during construc-
tion, and will be subject to new constraints, costs and require-
ments concerning track maintenance, compatibility of rolling stock
and dispatching.

4, Large reductions in trip time can be expected to increase
Amtrak ridership between Boston and New York. Compared to a
baseline of 3.4 million passengers per year estimated for 2010 with
no improvements, ridership of about 5 million is projected for a 3
hour trip time and 5.5 million for a 2%-hour trip time. Time
savings for current intercity passengers would range from approxi-
mately 3 to 5 million hours annually. Approximately 80% of the new
passengers would be diverted from air, with 20% from private auto.
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5. The economic value of reduced travel time and increased
ridership resulting from improved rail service is potentially
large. Time savings to Amtrak riders, commuter rail travelers and
airport and highway users are estimated to range from $100 million
to $108 million annually for a trip time near 3 hours to as much as
$172 million to $227 million each year for less-than-2%-hour
service under Program 5. However, these estimates are not based on
a benefit-cost analysis of the programs, and these trip time
savings would require additional capital investment in rolling
stock by both Amtrak and commuter-service operators.

6. Amtrak’s increase in annual net revenue from trip time improve-
ments is estimated to be in the range of $36 million to $168
million, depending on the travel time attained.

7. The cost of the improvements necessary for substantially
reduced trip time, in addition to the $1.1 billion for rehabili-
tation, would range from an average of $50 million to $250 million
annually for a ten-year program. Initial work is being undertaken
on many of the needed projects, although only a small part of the
needed funding has been identified and no coordinated overall
program exists. The improvements could be implemented within a
period of 8 to 10 years; service improvements could be apparent
"within 5 to 6 years. The necessary additional rolling stock (15 to
20 trainsets) could cost approximately $300 to $400 million.-

8. Commuter and intercity schedules and service reliability will
suffer during the implementation of any major improvements; the
degradation of commuter service between New Haven and New York
could be significant for a period of several years. A concerted
effort will be required to design and sequence the improvements in
a manner which minimizes disruption of service.

OTHER CONSIDERATIONS

Rolling S8tock: The selection of a rolling stock alternative
depends not only on the trip time it makes possible, but also on
capital, operating and maintenance costs; reliability; suitability
for run-through operation between Boston and Washington; and other
characteristics and operational considerations..

The performance of advanced-technology high-speed foreign trainsets
in the U.S. railroad environment remains to be evaluated.
Demonstrations, trial use, and testing of a variety of motive power
and railcar suspension technologies during the lengthy period of
fixed-plant improvements would provide a good foundation for future
long-term fleet acquisition decisions.

Electrification: Electrification between Boston and New Haven has
important benefits and implications beyond travel time. Operation-
ally, electrification harmonizes operations in the north and south
ends of the Corridor, making it possible to use high-performance
electric trainsets running between Boston and Washington, with few
trains being turned around in New York. This provides needed
capacity at Pennsylvania Station and in the tunnels serving it.
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Corridor Ccapacity: This study did not explicitly examine Corridor
capacity. Based on the improvements defined in Program 2 as a
minimum, capacity appears to be adequate for anticipated commuter
and intercity traffic through the 2010 time period. At Pennsyl-
vania Station and the East River Tunnels operational improvements
or changes may be required to avoid serious impacts, particularly
on commuter operations. At other locations the system will be near
or at its 1limit, and a concerted and integrated effort will be
required to maximize Corridor capacity for all services.

operating Standards: The projected higher speeds in all programs
are based on the assumption that the FRA and Amtrak will approve
higher speeds on curves, and define standards for rolling stock
and inspection and maintenance procedures necessary for safe and
comfortable operation at those speeds.

Institutional Coordination and Integration: Successful
implementation of any major improvement program and practical
attainment of the trip times estimated in this study will require
a reinvigorated institutional and procedural framework. The direct
responsibilities and objectives of the several owning and operating
organizations differ significantly. The specific form of some
projects, as well as the manner of implementation and cost
allocation, can only be determined through compromise based on full
consideration being given to all viewpoints. All parties--
railroads, government agencies at all levels, and transportation
authorities--will need to work in a highly coordinated and
cooperative manner to define and realize a common vision of
integrated Northeast Corridor rail services with equitable
distribution of all capital and operational costs.

Financial Capacity for Implementation of Improvements: Currently,
1990 and 1991 funding of projects identified in this study totals
$120 million for rehabilitation work (almost all from UMTA, MTA,
NYDOT and CDOT), and $119 million for speed improvements and
electrification (contained in the FY91 appropriation for Amtrak).
However, financial constraints have tightened sharply in the last
year, and current long-term plans of the responsible agencies show
a shortfall over the next ten years of more than 50% in funding for
rehabilitation projects. There is no currently authorized source
of funds beyond FY91 for speed improvements.

Accessibility of Railroad Stations: The Americans with
Disabilities Act of 1990 established specific accessibility
standards for physically handicapped passengers for intercity and
commuter rail stations and passenger cars. The Station
Improvements project in this study includes an estimate for
provision of high-level platforms and pedestrian overpasses at
those Amtrak stations between Boston and New York not currently so-
equipped. However, the special nature of the requirements of this
act is considered beyond the general scope of the study, particu-
larly insofar as commuter stations and rolling stock is considered.
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TOPICS NOT ADDRESSED

During the course of this study, other topics were identified which
would need to be addressed to support design, construction and
scheduling decisions for any improvements. - Topics warranting
examination as logical next steps for any of the programs include:

(1) Testing and analysis to confirm the acceptability of higher
speeds on curves, and to define standards necessary for safe and
comfortable operation at those speeds.

(2) Analysis of long-term operating and maintenance costs of
alternative improvement programs and rolling stock choices;

(3) System capacity and traffic conflict analysis, addressing both
long-term outlook and impact on phasing of construction projects;

(4) Data collection and analysis to refine ridership projections
and expected. commuter and intercity benefits;

(5) Examination of the future role of rail freight transportation
along the corridor, and the freight railroad impacts and benefits
associated with Corridor improvements.

STUDY PARTICIPANTS

Many organizations own, operate, use, or are strongly affected by
the Northeast Corridor, and their participation and active cooper-
ation were critical to the study. In addition to extensive
participation by knowledgeable individuals at UMTA and FRA,
organizations that cooperated extensively by providing 1nformatlon
and comment include: -

Amtrak =
Metro-North Commuter Railroad (MNCR)

Long Island Rail Road (LIRR)

Massachusetts Bay Transportation Authority (MBTA)
Metropolitan Transportation Authority (MTA)
Connecticut Department of Transportation (CDOT)
Massachusetts Executive Office of Transportation and
Construction

Rhode Island Department of Transportation (RIDOT)
'New York Department of Transportation (NYDOT)
Conrail

Providence & Worcester Railroad (P&W)

Northeast Corridor Commuter Rail Authorities Committee
(NECCRAC)

Coalition of Northeastern Governors (CONEG)

0000000O
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ESTIMATED
. 0o S0ST 2\ *%
» 03N MLLIONS) | 20N\ -
PROJECT Q) | 2 3 ] 5 6 7 8 g 10
. Fuo | Tota IN
PROGRESS\ | 2 3 4J1 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4{1 2 3 4|1 2 3 41 2 3 4|t 2 3 4|1 2 3 4
I |N.Y. PENN STATION AND TUNNEL IMPROVEMENTS 366 | 9 | 315 ow/hquenssctennunnpann
2A | CATENARY REPLACEMENT (STATE LINE - NEW HAVEN) | 347 |. 0 | 347 ittt hainhainbly
28 | CATENARY «REPLACEMENT (SHELL - STATE LINE) 0 |24 | 24 —
2C |CATENARY STRUCTURE REHABILITATION (HELL GATE) 3 0 3 it by
3 |PECK BRIDGE REPLACEMENT 86 | 23 | 109 ek b
4A |MOVABLE BRIDGE - THAMES RIVER, MOVABLE SPAN 33 ([0 | 33 I
4p |MOVABLE BRIDGE - NIANTIC RIVER, 2 o 2l IS S
ENTIRE BRIDGE REPLACEMENT
4C [MOVABLE BRIDGE - SAGA BRIDGE, REHABILITATION ] 9 9 O e
4D |MOVABLE BRIDGE - COS COB BRIDGE, REHABILITATION o |20 | 20 i
4E |MOVABLE BRIDGE - WALK BRIDGE, REHABILITATION 0 3 i3 ol e E—
4F {MOVABLE BRIDGE - DEVON BRIDGE, REHABILITATION N 7 — A
4G |MOVABLE BRIDGE - PELHAM BAY BRIDGE, REHABILITATION| 10 0 10 ke iy
5A FIXED BRIDGES - AMTRAK, NEW HAVEN-BOSTON 43 5 48 --/ﬁ-------- assses """""'F'"""'
CONVERSION TO BALLASTED DECK A
FIXED BRIDGES - METRO NORTH T ICY YT PR Y YRR R R R L Py
58 CONVERSION TO BALLASTED DECK 120 | 0 | I20
5c |FIXED BRIDGES - AMTRAK HELL GATE, VIADUCT so | o | s0 LETLT PPy
REHABILITATION AND BRIDGE CONVERSIONS ,
TOTALS 1,079 | 120 | 1,199
YEARLY EXPENDITURE 1 120 55 105 200 " 194 183 162 151 29

LEGEND (1991¢ MILLIONS)

s === . ENVIRONMENTAL PROCESS, R.O.W. ACQUISITION AND DESIGN

s CONSTRUCTION

*  PROJECT DETAILS ARE CONTAINED IN APPENDIX A
T  YEARLY EXPENDITURES ARE BASED SOLELY ON SEQUENCING
CONSIDERATIONS AND NOT ON FUNDING AVAILABILITY
PROGRAM 1 - SYSTEM REHABILITATION

14




FIGURE 2.. PROJECT COST ESTIMATES AND LOGICAL SEQUENCING FOR PROGRAM 2, BASIC SYSTEM IMPROVEMENTS.
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FIGURE 3. PROJECT COST ESTIMATES AND LOGICAL SEQUENCING FOR PROGRAM 3, BASIC SYSTEM IMPROVEMENTS AND

ELECTRIFICATION.
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FIGURE 4. PROJECT COST ESTIMATES AND LOGICAL SEQUENCING FOR PROGRAM 4, ALL SYSTEM IMPROVEMENTS AND

ELECTRIFICATION.
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FIGURE 5. PROJECT COST ESTIMATES AND LOGICAL SEQUENCING FOR PROGRAM 5, SHORE LINE BYPASS.
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1. INTRODUCTION

"Now that the Washington-New York portion of the
Northeast Corridor has been improved, we need to turn our
attention to the New York-Boston segment. Facilities and
services need to be upgraded to improve the travel time
on the Boston-New York run and to enhance the commuter
systems that share the right-of-way with Amtrak. Speedy
and reliable service would encourage more passengers to
use the trains and this could help to relieve some of the
congestlon in the major airports in the Northeast.”
--Samuel K. SKinner,
Secretary of Transportation

BACKGROUND

The Northeast Corridor--the 456-mile system of railroad passenger
service infrastructure which extends from Boston to Washington, DC-
-serves one of the most populous and heavily travelled regions of
the United States. With New York City at its midpoint, and
including seven major urban areas with a total population of almost
40 million, the region served by the NEC has long made effective
use of rail passenger transportation. In addition to the necessity
of assuring the continued ability of the Corridor to fulfill its
critical role in commuter travel, the need "for the fullest
exploitation of all intercity transportation alternatives is
readily apparent: cumulative annual delays exceed 20,000 aircraft
hours for six of the seven major airports serving the region, and
highways near the urban centers are often severely congested.

In the 1970s and 1980s the Northeast Corridor Improvement Program
(NECIP) spent $2.5 billion upgrading the rail infrastructure of the
NEC. Service approaching 2% hours for travel between New York and
Washington contributed to Amtrak’s capturing nearly half of the
"common carrier market on that route. However, plans for the
Boston-New York portion of the corridor had to be modified as a
result of escalating costs, limited funds, lack of electrification
for more than two-thirds of the distance, and a more curve-
intensive route alignment. Ambitious goals and program elements
were substantially scaled back, exemplified by elimination of

planned electrification from New Haven to Boston. Major
replacement and rehabilitation projects identified 20 years ago
have yet to be implemented. As a consequence, the shortest

scheduled time between Boston and New York is now just under 4
hours, too long to attract the time-sensitive business travellers
who represent a large portion of intercity travel in the region.



In addition, continued growth in airport and highway congestion,
coupled with rising attention to environmental and other social
impacts of transportation, has led to a renewed interest in the
potential role of the Boston-New York half of the NEC in meeting
the intercity travel needs of the region. This interest is
particularly appropriate in the context of the Administration’s
National Transportation Policy, which has as its first major theme
"maintain[ing] and expand[ing] the nation’s transportation system."

The Corridor is also highly relevant to the second theme of the
NTP: . "Foster[ing] a sound financial base for transportation."
Approximately half of Amtrak’s passengers and more than one-third
of its passenger revenues are associated with the NEC, and Corridor
improvements could lead to a ridership growth contributing signifi-
cantly to reduction or elimination of the current Amtrak system-
wide operating deficit of approximately $343 million in 1990.

The role of the Corridor is perhaps even more important in commuter
transportation than for intercity travel. Metro-North Commuter
Railroad (MNCR) carries 25 million New York and Connecticut riders
annually on NEC track, more than ten times the number of Amtrak
' riders on that segment. MBTA commuter services extend from Boston
to Providence, and the Connecticut Department of Transportation
(CDOT) has recently initiated service between New Haven and 01d
Saybrook. The Long Island Rail Road shares only a small portion of
the Corridor--4 miles from Queens into Pennsylvania Station--but
over 400 commuter trains per day operate on that segment.

All of these agencies expect continuing ridership growth in the

future. The need for further rehabilitation to assure the
reliability and growth of commuter rail services has been clearly
documented. Thus, a study of the NEC must include full

consideration of the interaction between commuter and intercity
services, and the impact of Corridor improvements on commuters and
operators.

Associated with the broad extent of commuter operations on the NEC
is a complex structure of institutional and financial relationships
which bear directly on the process of formulating and implementing
public decisions regarding the Corridor. For example, Amtrak owns
only approximately 60% of the track miles; other sections are
owned by commuter authorities or states, with Amtrak operating
under rights pursuant to the Rail Passenger Service Act of 1970.
The commuter operations are funded substantially by State agencies
or Transit Authorities, with some of the support originating with
the Urban Mass Transportation Administration (UMTA). On the other
hand, Amtrak’s operating subsidy and capital improvement appropria-
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tions are administered by the Federal Railroad Administration
(FRA). The basic ownership and institutional structure of the New
York-Boston half of the Corridor is described in Section 3.

The same success for the Boston-New York rail travel achieved for
intercity services between New York and Washington would be a major
undertaking. Much of the Corridor’s fixed plant--bridges, tunnels,
catenary, Pennsylvania Station--is at least 80 to 90 years old. As
early as the 1970s, the decline of rail passenger service had been
accompanied by an extensive deterioration of infrastructure. NECIP
expenditures addressed a substantial portion of this problem, but
by no means all. Whether or not any substantial effort to improve
speed and quality of service 1is sought, a large measure of
rehabilitation and replacement will be required to assure safety
and bring the railroad to a state of good repair.

Basic rehabilitation alone is a daunting task. Aside from policy
considerations, the magnitude of the Federal deficit and the con-
straints established by the 1990 Congressional budget agreement
sharply limit the availability of Federal funds. All of the states
through which the north end of the Corridor passes are facing
similar--though even more severe--budgetary difficulties. While it
is sometimes possible to finance rolling stock privately, that
approach has not traditionally been used for fixed plant.

Investment in large-scale transportation infrastructure calls for
a very long time horizon. The NEC is not now greatly changed in
outward form and appearance from the early 1900s. Whatever
improvements are brought about over the next decade or so: are
likely to define the Corridor for much of the 21st century.
Constraints of funding, land use, and environmental impacts are
unlikely to diminish in the future; on the contrary, they will
likely become ever-more-restrictive barriers to the creation and
modification of transportation infrastructure. Growth in commuter
rail and expansion of intercity service could become increasingly
incompatible as available capacity becomes saturated. Implementa-
tion of improvements will become more difficult, more expensive,
and more time-consuming. Hence, it is particularly important that
any NEC investment decisions in the 1990s, including decisions not
to invest, reflect a very long-term perspective and be based on a
thorough and comprehensive study of needed rehabilitation and
improvements.

In 1990, Secretary Skinner initiated a study of this nature. The
study was performed by the Department of Transportation’s John A.
Volpe National Transportation Systems Center. A Departmental Task
Force led by Federal Railroad Administrator Gil Carmichael and
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Urban Mass Transportation Administrator Brian Clymer was
established to oversee the work. This report contains the results
of that effort. 1Its central focus is ways in which commuter rail
and intercity trip time and reliability can be improved through
fixed plant investment, but operational, institutional and
financial considerations are also addressed.

OBJECTIVES OF THE STUDY

The overall objective of this study is to provide a comprehensive
characterization of potential fixed-plant improvements which could
be made to the portion of the Northeast Corridor running from New
York City to Boston. The improvements are delineated in terms of
their cost, travel time gains and other benefits, priority,
schedule and sequencing, and relevant financial and institutional
factors. The broader purpose of the study is to create a solid
foundation of information to support formulation of public policy
regarding future NEC investments.

The study addresses the following questions:

o What fixed-plant improvements are needed to assure safety
or replace infrastructure elements which have reached the
end of their normal service life? :

o What could be done to the NEC fixed-plant infrastructure to
achieve substantially faster and more reliable rail
service? o ‘

0o How much would these improvements cost?

o What degree of intercity trip time improvement is
attainable for various levels of capital investment?

o How do. the trip time impacts of specific improvements
depend upon the intercity rolling stock used?

o What impact would various levels of improvement have on
" intercity ridership?

o To what degree would increased intercity ridership be drawn
from people who would otherwise have used air or highway
modes?



o How would the time savings and service improvements be
distributed among commuters and intercity passengers?

o What are the institutional considerations or constraints
that affect the degree to which improvement projects yield
the intended trip time and service gains?

' o What would be a logical sequence of 1mprovement projects
within each alternative program?

.0 What funding sources and mechanisms are potentially
relevant to Corridor improvements?

Two broad classes of improvements are considered: (1) projects
necessary for continued system safety or to bring the system to an
overall state of good repair, and (2) system improvement projects
yvielding better service for riders. A Key service improvement
sought is a substantial reduction in trip time; a Boston-New York
schedule under 3 hours is widely thought to be necessary for rail
to compete successfully with airlines for business travel.
However, speed alone would not be sufficient to obtain the trans-
portation goals sought. Service reliability and frequency and a
high 1level of ride quality are also necessary elements for a
successful rail transportation system.

Individual projects are characterized and are then grouped into
five programs: a System Rehabilitation Program plus four system
improvement programs, each successive’program adding projects that
yield a shorter trip time but necessarily incur a higher cost.

A central concern is the interaction between intercity and commuter
operations. The study explicitly considers the benefits and
impacts of candidate improvement projects on the commuter railroads
which share and own portions of the NEC, with the aim of improving
performance and reliability for all Corridor users.

SCOPE OF THE STUDY

This study provides a comprehensive and consistent picture of the
Corridor and its potential performance, presented at a level to

support broad policy development. It combines results of prior
studies, analyses and estimates by the involved public agencies,
operating railroads, and others. It generally does not address

details of the design or implementation of specific projects, nor
does it critique the past decisions or actions of organizations
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which own segments of the Corridor or operate rail services on it.
Only capital costs for rehabilitation and service improvement
projects are considered; this study is not an economic analysis of
corridor operations, and does not address operating and maintenance
costs.

Rolling Stock

The study focuses on fixed plant capital investment. However, the
trip time which would be attainable for a given program of improve-
ments depends significantly on the rolling stock used. Trip time
estimates developed in this study assume equipment now available.

Service Quality

Reliable service--a high percentage of on-time performance and
avoidance of lengthy delays--is closely related to perceived trip
time and is a critical factor in the viability of rail passenger
service. Improvement projects which address reliability are thus
an essential component of this study. Acceptable reliability
cannot be achieved in a congested system, so projects contributing
to adequate capacity are also required.

A high level of ride quality is also a necessity, so roadbed
projects such as track and bridge improvements which advance this
goal are addressed. Other service quality and passenger comfort
factors that can bear strongly on the viability of intercity rail
service--such as station amenities, on-board conveniences, pricing
strategies, scheduling, and marketing--are not within the scope of
this study.

Funding Sources

Funding for the Northeast Corridor Improvement Program of the 1970s
and 1980s was provided by the Federal government through the FRA,
but there have also been very substantial State and UMTA
expenditures, primarily in commuter service capital grants, over
that time. The study is charged with identifying possible funding
sources--particularly those involving the private sector, users,
and state and local government--in order to clarify the means by
which improvement programs might be funded. However, recommenda-
tions for funding responsibilities or allocations are not within
the scope of this analysis.

In terms of the number of individual passengers benefitting, some
of the potential Corridor improvement projects--particularly
between New York and New Haven--will affect many more commuters
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than intercity travellers. It is not within the scope of this
study to determine the "fair share" of program cost which should be
borne by commuter agencies and UMTA as compared to FRA or Amtrak
directly. However, in order to provide background information that
could be relevant to determining an allocation of funding responsi-
bilities, the study does include a very approximate characteriza-
tion of projects in terms of their separate importance to intercity
and commuter service,; and indicates the current number of intercity
and commuter passengers likely to be affected by each project.

Benefit Analysis

A wide range of societal benefits could be expected from substan-
tially improved Boston-New York rail service. The most direct
benefit of a shorter trip time is increased ridership, and that
measure is used in this study, along with estimates of time savings
for commuters as well as intercity passengers. Two closely related
consequences are diversion of travellers from congested airports
and highways, 'and increased Amtrak net revenues  that permit a
reduced Federal operating subsidy. These benefits are real, though
difficult to quantify precisely, and are addressed in the study.

Several other classes of benefit are often described: reduced
environmental impacts--primarily air pollution--due to the
diversion from less environmentally benign modes; energy and
petroleum savings; stimulation of economic development; avoidance
of infrastructure investment in new or expanded highways and
airports; increased efficiency and reduced maintenance cost for a
renewed rail infrastructure; and enhanced personal mobility: for
residents of the Northeast. These benefits, legitimate in concept,
depend on so many assumptions and are so difficult to assess
quantitatively that they are mot addressed in this study.

Principal Assumptions

Time Frame: The basic time period during which project implemen-
tation would occur is 1991-2000. Some projects, such as a new
bridge over the Pequonnock River, have already been initiated. 1In
view of the very long service life of properly maintained rail
infrastructure, as well as the need to allow travel patterns in New
England to adjust to the availability of improved service, the
nominal year used for ridership projections is 2010.

Route/Right-of-wWay: The study primarily considers improvements
that can be made within the current route and right-of-way.
Generally, significant deviation from that route would involve
extremely severe issues of land use, cost, and environmental
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impacts; alternative alignments have typically not been found to be
viable in the past.

Amtrak has recently conducted a preliminary examination of an
alternative route from 0l1d Saybrook, Connecticut to Kingston, Rhode
Island, a 50-mile 150 MPH alternative route segment which would
eliminate the movable bridges and many curves that now constrain
speed along the Connecticut and Rhode Island coast. Based on the
interest shown by Amtrak, this project is included in the study.

Technology: The basic technology of railroad fixed plant is quite
mature. Cost estimates are based on existing equipment and
techniques. Conventional rolling stock is assumed, which includes
not only egquipment that can be purchased today, but also
locomotives, cars, and trainsets that have completed development
and testing and will soon be on the market.

Magnetic levitation technology is not considered. This results not .
only from its early state of development, but also because of its
difficulty in sharing a tightly constrained right-of-way with
commuter rail operations, the extreme problem of access . to
Manhattan, and the very large number of curves which would preclude
making use of the high maximum speed claimed for magnetic
levitation. "

Trip time estimates for each improvement program are calculated for
several rolling stock choices. In each case, the simulations are
based on hypothetical trains matching the key parameters (e.q.,
power-to-weight ratio) of equipment now in service or available.
This study does not attempt to characterize in detail motive power
and coach or trainset alternatives. . Neither does it distinguish
among alternative realizations of specific technology, such as
different lightweight electric trains or tilt-suspension coaches.

Speed on Curves: Just as for other surface modes, curved railroad
track is often banked to permit higher speed than would otherwise
be suitable. In railroad terminology, the distance by which the
outer rail is elevated above the level of the inner rail is called
"superelevation,” and is typically measured in inches. The
"balance speed" for a given curve is the speed at which the
centrifugal force is exactly balanced by the inward component of
gravitational force associated with the superelevation. Federal
regulations permit trains to operate at a speed that would be
balanced if there were 3 additional inches of superelevation; this
condition is commonly referred to by several equivalent terms: "3
inches of unbalance," "3-inch underbalance," or "3-inch cant
deficiency." The FRA can approve operations above .3 inches of
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unbalance, and has granted waivers for 4-inch and 5-inch unbalance
at some locations between New Haven and Boston.

In some countries, high-speed service operates at unbalance
exceeding 8 inches. Many experts feel that with appropriate track
standards and suitable rolling stock, use of 6-inch unbalance for
curves with 6-inch superelevation (thus permitting speeds equal to
the balance speed for 12-inch superelevation) may be fully accept-
able in terms of safety and passenger comfort. Refinement of these
standards and determination of curve speeds for which waivers can
be approved on the NEC would be part of any improvement program.

In this study, the upper limit on curve speeds, when track quality
permits and other constraining factors are not present, is based on
6-inch superelevation and 6-inch unbalance, for a total of 12
inches. Factors which can reduce this limit in practice include
overhead catenary geometry, distance available for spiral transi-
tion from tangent track into the curve, proximity of station
platforms, and spacing between tracks. It is further assumed in
this analysis that tilt-suspension coaches could operate at 8=-=inch
unbalance, or 14 inches including the superelevation. This result
is consistent with prior limited testing but subject to extensive
future testing and analysis to establish acceptability.
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2. APPROACH
OVERVIEW

The basic sequence of activities comprising this study is indicated

in Figure 2-1. Information relevant to NEC improvements was
acquired and analyzed in terms of specific projects and system
aspects. As 1indicated in the figure, four types of technical

analysis were involved in performing these tasks: engineering,
operational, financial, and institutional. Based on the project-
level analysis, a set of alternative overall improvement programs,
representing a hierarchy in terms of both cost and performance,

were developed by grouping appropriate projects. Each resulting
program was then analyzed in detail as to trip time, projected
ridership gain, 1logical sequencing of projects, and other
characteristics.

The core of the study lies in the specific analysis tasks shown in
Figure 2-2. These figures show a compartmentalized structure, but
within that general framework the study embodied a highly itera-
tive, synergistic and interactive process, in which new information
was often relevant to several analysis tasks and generated new
questions or data requirements in each. Each phase of the study,
as diagrammed in Figure 2-2, is described briefly below.

ACQUISITION OF INFORMATION AND IDENTIFICATION OF POTENTIAL
IMPROVEMENTS

The initial phase consisted of two primary activities: (1) review
of relevant documents from the very extensive literature generated
by the NECIP and subsequent undertakings, and (2) development of
contacts and effective working relationships with the various
organizations and agencies with relevant experience, information,
understanding, and interests.

Literature Review

One by-product of the original Northeast Corridor Improvement
Program and related undertakings was a very large number of
documents. A great many of these are of a highly detailed nature,
often relating to activities long since completed. The much-more-
limited selection of documents that have proven of special value to
this study are listed in the bibliography. Primary references

include reports prepared by the High-Speed Rail Task Force of the
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Coalition of Northeastern Governors (CONEG), which in recent years
has been a major proponent of rail service improvements and an
active participant in associated activities.

External Contacts

Many organizations own, operate, use, or are strongly affected by
the Northeast Corridor, and their participation and active
cooperation was critical to the study. Developing a good working
relationship with them was a key activity. In addition to
extensive participation by knowledgeable individuals at UMTA and
FRA, organizations which provided information and comment include:

Amtrak

Metro-North Commuter Railroad (MNCR)

Long Island Railroad (LIRR)

Massachusetts Bay Transportation Authorlty (MBTA)
[New York] Metropolitan Transportation Authority (MTA)
Connecticut Department of Transportation (CDOT)
Massachusetts Executive Office of Transportation and
_Construction o
Rhode Island Department of Transportatlon (RIDOT)

New York Department of Transportation (NYDOT)

Conrail

Providence & Worcester Railroad (P&W)

Northeast Corridor Commuter Rail Authorities Commlttee
(NECCRAC)
0o Coalition of North Eastern Governors (CONEG)

O 00O O0OO0OO0OO 0

.0 0 00O

et

"Participation of these organizations was initially requested in a
letter jointly signed by the UMTA and FRA Administrators. Contacts
typlcally began with an 1ntroductory meeting, in which the purpose
of the study was described, the external organization clarified its
role and particular areas of knowledge and interest, and general
information was requested. Based on the cumulative information
gained from literature and meetings, requests for specific
information were made to, K each organization, additional meetings
were held, and in some cases site visits or observation-car trips
were provided. As draft documentation was developed concerning
technical details of the potential improvement projects and their
impacts, it was provided to these organizations for comment. This-
phase of the study provided the information base and understanding
necessary for the three core phases which followed.



ANALYSIS OF NEC AND POTENTIAL IMPROVEMENTS

The 1literature search and external meetings provided a broad
perspective on the factors which constrain trip time on the
Corridor, and also identified numerous candidate rehabilitation and

service improvement projects. Many of these projects had a long
history, often having been deferred repeatedly due to funding
limitations. The Corridor was also examined in a "top down"

manner. A particularly useful exercise, conducted jointly with
FRA, Amtrak, and Metro-North, was a detailed review of the entire
route, focused on assessing the highest operating speed likely to
be achievable on each curve, assuming maximum superelevation and
cant deficiency. While various other factors often impose
additional constraints, as described above, this provided an upper
bound and a target for improvements.

Special attention was devoted to understanding the constraints
associated with intercity and high-density commuter services
sharing some portions of the route. Consideration was also given
to the complexities of designing and implementing improvements
which affect commuter as well as intercity services, and to
defining the likely role of each party in implementation.

This phase of the study also included a limited but careful review
and validation of the engineering cost estimates for the various
projects. .- In cases where no recent preliminary design studies had
been performed, independent cost estimates were developed.

The principal product of this phase was characterization of all
candidate projects, provided in Appendix A, Profiles of Candidate
NEC Improvement Projects.

SYNTHESIS OF ALTERNATIVE IMPROVEMENT PROGRAMS

The . project characterizations included estimates of cost,
approximate potential contribution to faster schedules, @ and
interrelationships among the projects. 1In the Program Synthesis
phase the projects became the building blocks from which alterna-
tive overall programs, varying in cost and resulting - trip time
performance were constructed. ‘

This phase of the study defined the program alternatives so that a
detailed analysis of the performance, ridership impacts, and
logical implementation sequence could then be performed.



ANALYSIS AND CHARACTERIZATION OF ALTERNATIVE IMPROVEMENT PROGRAMS

This phase of the study yielded the "bottom line" of the entire
undertaking: the total cost and potential trip time for each
program alternative, and an estimate of the ridership increases and
other benefits which might result. Program cost was determined by
summing estimates for the individual projects. Speed improvements
were determined by defining the route profile of maximum authorized
speeds appropriate to each improvement program, selection of
rolling stock scenarios and execution of train performance
calculations to determine trip time. Estimation of the ridership
and other benefits which would be achieved for the projected trip
times were based on sophisticated demand models.

Other topics addressed in this Program Characterization phase
included determination of the logical sequencing of projects within
a program, estimation of the relative allocation of benefits of.
greater speed and reliability between commuters and intercity
passengers, and means of achieving a true system-level perspective
and facilitating coordination and cooperation among the various
institutions which would be involved in implementation” and
operation of services along. the improved Corridor.

PREPARATION OF FINAL REPORT AND APPENDICES

The results of each of the phases and tasks are documented in this
Final Report, with details provided in four technical appendices.
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3. NEC DESCRIPTION AND HISTORY
DESCRIPTION OF THE NORTHEAST CORRIDOR

The Northeast Corridor consists of 456 route miles of railroad
running from Washington, DC, through New York City to Boston.
Other connecting routes are often considered as elements of the
Corridor, including segments between Springfield, Massachusetts and
New Haven; between Albany and New York City; between Philadelphia
and Atlantic City; and between Philadelphia and Harrisburg. It is
often convenient to further divide the Corridor into the "south
end"-~Washington-New York (225 miles)--and the "north end"--New
. York-Boston (231 miles). In this document, references to the NEC -
generally allude to the portion of the core route between New York
City and Boston unless otherwise indicated.

The overall Corridor passes through one of the most-densely
populated and urbanized sections of the United States, which
includes eight states and the District of Columbia. Several of the
nation’s largest cities are located along the Corridor, including
Boston, New York City, Philadelphia, Baltimore and Washington, D.C.
Smaller urban centers located on the Corridor include Providence,
New Haven, Trenton, and Wilmington. Together, these metropolitan
areas contain nearly forty million persons, or nearly one-sixth of

the entire U.S. population. ' -

Intercity and commuter rail passenger service on the Corridor is
extensive--perhaps the densest in the entire nation. For example,
the full Boston-Washington Corridor carries approximately one-half
of Amtrak’s total annual passenger volume. Eight different local
or regional transportation  authorities are involved in the
provision of commuter rail services, which share more than one-half
of the entire Corridor’s length with Amtrak trains. In contrast,
freight service along the Corridor is declining, and is primarily
limited to serving existing local customers. '

Prior to 1970, the Corridor was owned and operated by a number of
private railroad companies operating both  passenger ‘and freight
service. Shortly after the Second World War, however, passenger
volume began a steady decline, as did the economics of freight rail
service. In both cases, mounting competition from road and air °
transportation was a major factor. Finally, in the face of the
bankruptcies of Northeastern railroads and the consequent elimina-
tion of the region’s rail infrastructure, Congress passed a series
of laws in the early 1970s to reorganize the freight and passenger
rail systems. As part of this 1egislation, ownership and operation
of the Corridor was eventually vested in several authorities.
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Table 3-1 presents an overview of the resulting web of institu-
tional responsibilities along the Corridor between New York City
and Boston. Although relationships among the various owners and
users are generally harmonious, the various parties have differing
perspectives, functions, and constraints. The result is that no
single organization is explicitly responsible for assuring that
this valuable segment of the nation’s transportation infrastructure
is used in a coordinated way that best serves all elements of the
travelling public and the national economy.

TABLE3-1. INSTITUTIONAL RESPONSIBILITIESFORTHE NORTHEAST CORRIDORBETWEEN
NEW YORK CITY AND BOSTON.

Froh To Distance | Owner | Maintenance | Dispatching | Commuter | Commuter Freight
{miles} ' Operations Authority Service
Penn Station Harold Interlocking 4 Amtrak Amtrak Amtrak LIRR MTA
Harold Interlocking - LIRR LIRR LIRR LIRR MTA
Harold Interiocking | Shell Interlocking 185 Amtrak Amtrak Amtrak - - Conrail
Shell Interlocking NY-CT State Line 10 MTA MNCR MNCR MNCR MTA Conrail
NY-CT State Line New Haven 46 CDOT lMNCR MNCR MNCR CDOT Convail
New Haven Old Saybrook 33 . Amtrak Amtrak Amtrak Amtrak cboT Conrail
Old Saybrook RI-MA State Line 86 Amtrak * Amtrak Amtrak - - P&W
RI-MA State Line Boston 38 MBTA Amtrak Amtrak Amtrak MBTA Conrail

* RIDOT owns approximately 1/4-mile of track through and adjacent to Providence Station.

HISTORICAL OVERVIEW

The Corridor, and much of its existing fixed plant, has long been
an important element of the transportation infrastructure of the
Northeast. The current situation can best be understood in the
light of that history.

Early History of the Corridor

As the early economic and population center -of the nation, the
Northeast was serviced by railroads as soon as that technology
became available. For example, the construction of railroad track
between Boston and Providence dates from the 1830s. The Canton
viaduct, which still carries rail traffic on the Corridor in
eastern Massachusetts, was originally built in 1836. The first
rail connections between Washington, New York City and Boston were
completed by 1858. Many of the movable and fixed bridges along the
route through Connecticut were built between the Civil War and the
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First World War, replacing the previous ferry 1links for rail
passengers across the river mouths. By 1918, the Corridor as we
now know it was essentially complete.

Two major segments of the route were electrified early in this
century. The New York, New Haven and Hartford Railroad electrified
the "New Haven Line" between New Haven and New York City in the
decade before the First World War, and the Pennsylvania Railroad
electrified the southern half of the Corridor in the 1930s. Much
of this original infrastructure is still in service.

By the 1960s the actual infrastructure of the Corridor--track,
bridges, tunnels, signals, catenary, communications, service
facilities and passenger stations-=-represented a highly disparate
collection of elements in widely varying states of repair. No
major improvements had been made since the 1930s. The overall
deterioration in the condition of the Corridor, especially in the
years during the nationwide decline of rail passenger service after
World War II, led to service that was increasingly slow and
unreliable.

T s

Modern History of the Corridor

The earliest direct Federal role in improving rail travel in the
NEC came in 1963 with a modest ($625,000) appropriation initiating
a Northeast Corridor Project within the Department of Commerce.
This was followed 2 vyears later by the High-Speed Ground
Transportation Act of 1965, which established the Office of High
Speed Ground Transportation (OHSGT), also within the Commerce
Department, as well as the Northeast Corridor Transportation
Project. The creation of the U.S. Department of Transportation in
1967 led to the consolidation of these functions, along with the
long-established Interstate Commerce Commission (ICC) Office of
Railway Safety, into the new Federal Railroad Administration (FRA).

From its inception, OHSGT was chartered to sponsor research,
development, and demonstration of high-speed rail technology. One
result was development of the Metroliner, a self-powered electric
railcar originally designed for a maximum speed of 160 MPH. Under
contract with OHSGT, the Penn Central Railroad began operation of
50 Metroliners between New York and Washington in 1969. Although
track limitations and mechanical problems prevented operation at
speeds above 125 MPH, this service demonstrated that higher speed
and greatly improved amenities could substantially increase
ridership. 1In the early 1970s, deteriorating track conditions on
the pre-bankrupt railroads, accompanied by equipment, unreliability
seriously diminished the attractiveness of Metroliner service.
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Another major initiative of OHSGT was support of the 1969 introduc-
tion of two gas turbine-powered passively tilting trains, construc-
ted by United Aircraft and based on aerospace technology, between
Boston and New York. Although they demonstrated good performance
(a record time of 3:44) and drew increased ridership, the Turbo-
Trains, like the Metroliners, suffered from poor reliability and
could not overcome the limitations of deteriorated track. - They
were retired in 1976, by which time track conditions had lengthened
their running time to 4:15.

The continuing decline of intercity rail passenger service through
the 1960s, imposing an increasing burden on the primarily freight
U.S. railroads, led to passage of the Railway Passenger Service Act
of 1970. This legislation created the National Railroad Passenger
Corporation--Amtrak--to operate almost all intercity passenger rail
service in the nation.

The next major legislative action was the Regional Railroad
Reorganization Act of 1973--the "3R Act"--which consolidated seven
near-bankrupt Northeast and Midwest freight rail operations into
Conrail, a Federally chartered freight railroad. This act also
authorized the Secretary of Transportation to study possible
improvements in the NEC. This was followed by the Railroad
Revitalization and Regulatory Reform Act of 1976--the "4R Act"--
which, while primarily concerned with freight railroads, authorized
substantial funding for the Northeast Corridor Improvement Program
(NECIP) to promote faster train service between Washington, New
York City, and Boston.

Two important events followed the passage of the 4R Act.. First,
ownership of most of the NEC right-of-way and operations of inter-
city train service along this track were transferred to Amtrak and
state transportation authorities. Second, many of the bankrupt
freight and commuter rail operations along the Corridor were
transferred to Conrail.

Subsequent major legislative action was the Northeast Rail Services
Act of 1981 (NERSA). NERSA, among other things, allowed Conrail to
divest itself, effective January 1, 1983, of its responsibilities
under the 3R Act to operate commuter services. Under its
provisions, MTA, CDOT and the other NEC commuter authorities
operating within the eight states and the District of Columbia
elected to provide for commuter services independently.



Improvement Program Chronoloqgy

The 4R Act of 1976 authorized $1.75 billion for the Northeast
Corridor Improvement Program (NECIP) to promote faster service on
the Corridor. The original NECIP plan that appeared in April 1977,
called the "Baseline Implementation Master Plan" or "BLIMP,"
identified a total of $3.5 billion worth of potential projects
needed to meet 3R Act trip time requirements by reducing total
Washington-to-Boston trip times by 2 hours--from 8 hours, 20
minutes to 6 hours, 20 minutes. Major improvements envisioned in
this. plan were:

o Over 300 curve realignments, 4 flyovers and replacement or
repair of more than 750 bridges;

o 1,350 miles of new concrete or wooden ties and continuously
welded rail, and 900 miles of track and interlocking
improvements;

o Upgrades and extensions of the existing electric power,

communications and signaling systems, including electrifi-
cation from New Haven to Boston; and

o Building or rehabilitating 15 passenger stations and
installing 895 miles of fencing, along with eliminating 57
grade crossings, and improving tunnels and service facilities.

Although it represented a comprehensive approach to upgrading the
Corridor, the BLIMP was estimated to cost double the funding
authorized at the time. Therefore, the BLIMP was succeeded in
August of 1977 by an "Implementation Master Plan," or "IMP," which
substantially reduced the scope of the work and cut the total cost
to about $1.75 billion. The reduction was accomplished primarily
by a general scaling back of activity in all categories,
particularly curves, track and bridge upgrades, stations and
service facilities.

Three later revisions of the overall program in 1979, 1980, and
1981 made several adjustments to various project categories. By
the time of the February 1981 "Restructured Project," total
appropriated NECIP funding had stabilized at $2.19 billion.
Appropriations did not reach the final NECIP authorization limit of
$2.5 billion until 1990.

Much was accomplished with the $2.5 billion in Federal funds made
available under the NECIP program. For example, between 1977 and
1990 the following work was accomplished:
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o Over 481 miles of new track and 295 miles of continuously
welded rail were laid;

o Nearly 2 million new concrete and wooden ties were installed;
o 504 miles of track undercuttiﬁg was accomplished;

o 49 grade crossings were eliminated;

o} 22 miles of fencing was installed; and

o '13 passenger stations were built or rehabilitated.

Other significant improvements, especially in rehabilitation and
upgrading, were accomplished in the Corridor’s power, communica-
tions and signalling systens. However, the various successive
reductions in scope resulted in a final program well short of that
envisioned in the BLIMP, particularly with regard to curve
realignments, rehabilitation or replacement of movable bridges,
high-speed track, and grade separations at New Rochelle and Harold
Interlocking. In addition, the New Haven-to-Boston electrification
project was eliminated. “ .

Because the most substantial NECIP trip time improvements were
realized with the Metroliner service on the Corridor’s southern
half, it is normally assumed that this segment also received the
great majority of NECIP funds. Actually the northern half received
over 45%, or $1.1 billion, compared to $1.4 billion for the
southern half. About one-third of the north end funding was
expended in Massachusetts and one-third in Connecticut, with Rhode
Island and New York together accounting for the remainder. .

NECIP funds represent only slightly more than one-half the total
public investment in the Northeast Corridor since 1970. Some of
the nation’s largest commuter railroads operate along the Corridor,
particularly between New York and Boston: Metro-North Commuter
Railroad, Long Island Rail Road, and the MBTA. These commuter rail
operations receive both capital grant and operating assistance from
~ UMTA, directly or through public agencies. All UMTA capital grants
require some local or state matching funds, which can vary from 20%
to 50% depending on the project.

Overall investment in the Corridor north end since 1970 is shown in
Table 3-2. The four major recipients of UMTA capital grants along
the Corridor are the MBTA, RIDOT, CDOT and MTA (on behalf of both
MNCR and the LIRR). As shown in the table, total UMTA capital
grants for commuter rail projects between 1970 and the present
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total $323 million, excluding funding of rolling stock. In
addition, state and local sources contributed an additional $478
million in matching funds for these projects, raising the total
amount to approximately $800 million.

TABLE 3-2. PUBLIC INVESTMENT IN THE NORTHEAST CORRIDOR, 1970-1990,

COMMUTER AND INTERCITY, IN MILLIONS OF DOLLARS.

State Transit Funding Intercity Total
UMTA Matching FRA/NECIP Funding
Massachusetts* $85 M $48 M $ 385 M $518 M
Rhode Island 14 3 214 231
Connecticut 182 173 372 727
New York 42 254 167 463
Total $323 M $478 M $ 1138 M $1939 M
{17 %) {25%) {58%) {100%)

* Some portion of Southwest Corridor funding (not shown) contributed to NEC commuter rail.

Table 3-2 does not include the Southwest Corridor Project in the
Boston area, which focused on relocating a rapid transit line but
also involved commuter rail right-of-way rehabilitation along 5
miles of the NEC. It had a total cost of $772 million in UMTA and
state funds.

When added to the NECIP funds distributed through FRA, the total
Federal, state and 1local investment in the Boston-to-New York
segment of the Northeast Corridor infrastructure since 1970 exceeds
$1.9 billion. Of this amount, almost $1.5 billion (75%) was from
Federal sources and nearly $500 million (25%) was from the states.

Trip Times

As a consequence of these projects, scheduled trip times were
reduced to best values of 2-1/2 hours for Washington-New York non-
stop express Metroliner service (2:30 northbound express, 2:50 for
Metroliner service with stops), and 3 hours, 55 minutes New York-
Boston for the New England Express (four stops). These are
comparable to the fastest schedules ever run on those routes. The
then-new Metroliner MU cars achieved 2:30 from Washington to New
York in 1969-70, and United Aircraft Turbotrains (requiring no
engine change in New Haven and with passive tilting) operated on a
3:45 New York-Boston schedule during the same period. In the mid-
1950s, the conventional Advance Merchants Limited achieved 3:55
between Boston and New York. ’ '

NECIP improvements were an important first step in recovery from a
long period of deferred maintenance, and substantially improved the

3-7



basic infrastructure. However, as the trip time data indicates,
they did little to raise operating speeds. Further, steady growth
in commuter operations has given greater importance to resolving
traffic conflicts and capacity choke-points. The goal of providing
a viable alternative to congested airways has long put special
emphasis on speed. Thus, where the BLIMP called for a 3 hour, 40
minute service goal between Boston and New York, Amtrak and CONEG
now seek trip times of 3 hours or less. Amtrak’s President, Graham
Claytor, has linked faster trip times along the entire Corridor to
the explicit Amtrak goal of achieving operational self-sufficiency
by 2000. As he stated to Congress in March 1991:

", ..infrastructure improvements to the Northeast Corridor

" to-provide better than 2-hour, 15-minute service between
Washington and New York and at least 2-hour, 59-minute
service between New York and Boston will generate
significant incremental revenue and ridership for Amtrak
and further solidify Amtrak’s predominance as the carrier
of choice in the Northeast Corridor."

CURRENT AND PROJECTED NEC PASSENGER SERVICE
Current Service

Intercity Service: Amtrak operates 34 trains per day from
Pennsylvania Station to points east and north, many of which are
actually through trains on the Boston-Washington (or further)
route. Twenty-four run directly between Boston and New York via
the Connecticut shore and Providence. Eight other trains are
routed via Hartford and Springfield. An additional train, the
Montrealer, operates between New York City and Montreal via New
London, where it diverts to northbound Central Vermont trackage.

In late 1990 Amtrak introduced the New England Express, which is
the first train in several years to have a scheduled running time
between Boston and New York of less than 4 hours. With two round
trips each weekday, its scheduled trip time is 3 hours 55 minutes.

Traffic on the New York-Boston route is very important to Amtrak,
although it is only a modest portion of total operations. For the
year 1989, services in the Boston-New York corridor accounted for
less than 8% of Amtrak’s total passenger miles (450 million out of
5.7 billion miles), 10% of total riders (2.2 million out of 22
million) and 1less than 7% of its total operating revenue ($76
million out of $1.1 billion). The special importance of this
traffic is twofold: services between Washington and Boston are
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among the few which now yield a positive net revenue (see Financial
Aspects below), and it is a route on which very large ridership
gains are possible if trip time can be reduced sufficiently.

Commuter Services: Commuter rail services make extensive use of
three segments of the Corridor. The first is the 4-mile route
between Pennsylvania Station and Harold Interlocking in Queens,
including the East River Tunnels. This route is shared among all
Amtrak service and approximately 400 Long Island Rail Road trains
each weékday, although much of the LIRR traffic is on two dedicated
tracks. New Jersey Transit also uses part of this route for moves
of nonrevenue ("deadhead") trains from Penn Station for storage at
Amtrak’s Sunnyside Yard between peak periods.

The second commuter rail section of the Corridor is the 56 miles
between New Rochelle and New Haven, a major segment of the Metro-
North Commuter Railroad New Haven Line. MNCR operates over 200
trains each weekday along this stretch, with its highest NEC
traffic between Stamford and New Rochelle. At Shell Interlocking
in New Rochelle, MNCR trains branch to Grand Central Station, while
Amtrak trains proceed on the Hell Gate Line to Penn Station.

MBTA’s 44-mile Attleboro Line between Providence and Boston’s South
Station also uses the Corridor. There are nearly 130 daily MBTA
revenue trains along this line, with the most traffic occurring
between Canton Junction and Boston. Amtrak operates MBTA commuter
service under contract.

During the summer of 1990, CDOT began the Shore Line East commuter
rail service: 13 daily CDOT revenue trains along 33 miles of the
Corridor between New Haven and 0ld Saybrook. Amtrak operates this
service under contract to CDOT.

Traffic and Ridership: Figure 3-1 shows the number of daily
revenue passenger trains operating along the Corridor; freight
service varies from zero to five trains per day at various points,
as described below. The very heavy LIRR traffic between Penn
Station and Harold is not shown in this figure due to its partial
separation onto dedicated commuter tracks.. The figure shows only
revenue trains, excluding all NJT traffic, Amtrak deadhead moves to
and from Sunnyside Yard, and a significant number of nonrevenue
MNCR trains. Intercity and commuter rail passengers can be seen to
share about three-fifths of the Corridor’s northern length.

Some overall statistics describing this shared use of the NEC are
summarized in Figure 3-2, which shows the total number of passen-
gers for Amtrak, MNCR, MBTA, and CDOT. Figure 3-2 also shows the
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Figure 3-1. PASSENGER TRAINS PER DAY ON THE NEW YORK-BOSTON PORTION OF THE
NORTHEAST CORRIDOR (REVENUE SERVICE TRAINS ONLY).
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total passenger miles for each, and the resulting revenue. By
virtually any measure, commuter rail can be seen to be the dominant
user of the Corridor. For example, commuter rail passenger miles
between Boston and New York totals almost 900 million per year,
while, as noted above, Amtrak records a systemwide total of about
450 million passenger miles annually on the Corridor.

The details of traffic on each segment of the Corridor: are
important to assessment of the relative benefits of improvements
for commuter and intercity service. Table 3-3 shows these data.

TABLE 3-3. COMMUTER AND INTERCITY RAIL TRAFFIC AND RIDERSHIP FOR SPECIFIC
CORRIDOR SEGMENTS.

Segment Intercity Commuter Intercity Commuter
Between and Trains/Day Trains/Day™* Riders/Yr (M) | Riders/Yr (M)
Harold New Rochelle 34 0 2.2 0.0
New ﬁochelle Stamford ' 34 185 2.2 22.5
Stamford Norwalk 34 155 2.1 9.9
Norwalk Bridgeport 34 78 2.1 6.7
Bridgeport New Haven 34 60 2.0 2.5
New Haven Old Saybrook 26 13 1.6 0.2
Old Saybrook i New London 26 0 1.6 0.0
New London Providence. 24 0 1.6 0.0
Providence Canton ‘ 24 57 | 1.2 1.5
Canton Route 128 24 151 1.2 4.5
joute 128 Boston 24 151 1.0 5.5

* Revenue-service trains only

Ridership values shown are estimates of passengers carried over the indicated route segment in
1990/91, regardless of origin and destination of riders. Developed from official schedules and other
data supplied by Amtrak, MNCR, MBTA, and CDOT. Intercity ridership extrapolated from 1988.

Service Projected for 2010

Intercity Service: Amtrak ridership projections are heavily
dependent on the assumptions made concerning service improvements,
primarily trip time reductions. One of the more optimistic

projections is from a 1989 Amtrak study of the proposals of the
Coalition of North East Governors (CONEG) for improved high-speed
rail service between Boston and New York. Based on the CONEG
assumption of 3-hour trip time, the Amtrak study suggests that
total Boston-New York passengers could more than double (from the
current 2.2 million to 5 million) and revenues could nearly triple
(rising from $76 million to $203 million).
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Commuter Services: MNCR and MBTA have each recently projected
future ridership levels as part of their planning process. In the
case of MNCR, a relatively low rate of growth--about 1% annually--
is expected over the next 20 years in westbound peak travel
(commuting towards New York City) and a higher annual growth of
between 2% and 3% for eastbound ("reverse commuting") and off-peak
ridership. These rates are closely related to projected small
changes in population, MNCR’s current almost-total capture of the
market, and employment patterns in the heavily urbanized area from
downtown Manhattan to south-central Connecticut served by MNCR.

The resulting projected total increase in weekday riders is about
37% over the next 20 years, increasing from 43,000 weekday riders
in 1989 to 52,000 by 2001 and 58,000 in 2011. This increased
ridership will be accommodated during the 1990s by a 27% growth in.
the number of revenue trains from 186 in 1989 to 236 in 2001.

On the northern terminus of the Corridor, the MBTA anticipates a
somewhat higher growth in demand. Projected growth in passenger
volume along the Corridor from 1990 to.2000 is.41%.

CDOT’s new Shore Line East service began within the past year, so
there is not enough operational experience to make reasonable
projections of future ridership, including the impact of possible
extension to New London. ‘

Finally, RIDOT is currently studying commﬁter_rail service from
Providence south along the Corridor to Davisville/Quonset Point, a
distance of 18 miles. If all RIDOT and CDOT plans are implemented,
only the 44-mile stretch of track between New.London and Davisville
will be without some level of commuter rail operations.

Financial Aspects-

Rall passenger transportation services often need subsidies in some
form, and those on the Corridor are no exception. Over one-half of
the operating costs for Metro-North and two-thirds for MBTA
commuter rail service receive public subsidies. Metro-North and
MBTA system operating revenues and expenses for 1989 are shown in
Table 3-4. Metro-North deficits are funded by MTA and CDOT.

In contrast, Amtrak’s financial analysis--based on the concept of
the "Long-Term Avoidable Cost" or LTAC associated with each
particular route--indicates that service along the Northeast
Corridor is one of the few passenger routes on which it operates
profitably. Figures for 1989 are given in Table 3-5.
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TABLE 3-4. COMMUTER RAIL FINANCIAL OVERVIEW, 1989, IN MILLIONS OF DOLLARS.

Operator ' Operating Operating Deficit Deficit
Revenues Expenses {%)
Metro-North $221 M $402 M $181 M 45%
MBTA 28 79 51 65%
cboT* .5 5 4.5 90%

* Shore Line East; service began May 1990.

Other Amtrak routes with this favorable distinction include
Metroliner service between New York and Washington, the Autotrain
from Virginia to Florida, the New York-Philadelphia-Harrisburg
route and the Boston-Newport News route.

TABLE 3-5. OVERVIEW OF AMTRAK NEC FINANCIAL RESULTS, 1989.

Route A Revenue ($M) | LTAC ($M) Revenue/LTAC* | Rev. Pass.-Miles (M)
NEC - Metroliner $110M $60M 1.81 305 M
NEC - Conventional 213 155 1.37 1011

Total for All 911 999 91 ‘ 5840
Amtrak Routes ‘

* A value greater than 1.0 indicates profitability as defined here.

FREIGHT SERVICE

When Amtrak and state authorities were vested with ownership of the
NEC trackage and rights-of-way in the early 1970s, the newly
created Conrail received freight operating rights for the Corridor
at the prevailing traffic level. As a result of later transfer by
Conrail, some of these freight operating rights are now exercised
by the Providence and Worcester Railroad (P&W). '

Total freight volume along the Northeast Corridor has been
decreasing since the major railroad legislation and the start of
the NECIP upgrades in the 1970s; the number of daily freight trains
on the Corridor declined from 161 in 1977 to only 34 in 1988, of
which all but three operated at night. At the present time, total
daily freight trains on the north end of the Corridor between New
York and Boston number only 15, of which 8 are operated by Conrail
and 7 by the P&W.



Conrail now operates only eight regular daily freight trains on the
Corridor: three trains between Boston and Attleboro and five trains
between 01d Saybrook, Connecticut, and Oak Point in the Bronx
(about 90 miles). These trains serve only current industrial
customers, with no regular through freight trains. Conrail has
shifted much of its former Corridor traffic to a route running from
Boston westward to the Albany area in New York state.

The Providence & Worcester hauls more than 9,000 carloads of
freight annually, representing about one-third of P&W volume, along
the Corridor in seven daily trains: one operating on 18 miles of
track south from Providence to the port of Davisville/Quonset
Point, Rhode Island; two daily trains carrying general freight in
the Providence area; and four trains operating over 23 miles of the
Corridor in Connecticut between 0ld Saybrook and Groton. P&W is
also negotiating with Conrail for the current Corridor freight
operations between 01d Saybrook and New Haven, which consists of
portions of two routes. ' '

In summary, freight represents a stagnant or declining share of
total Corridor operations, with only 15 daily routes scattered
along the Corridor. Due to the restrictions imposed both by low
overhead bridges and various operating limitations, there appears
to be little prospect for major growth in this volume.

THE FINANCIAL, ENVIRONMENT FOR NEC IMPROVEMENTS

State Funding Capacifz_

All four of the states through which the northern half of the
Corridor runs (New York, Connecticut, Rhode Island and Massachu-
setts) have commuter rail service supported to some extent by the
state government and receiving in some cases a significant level of
public subsidy, some of which originates with UMTA rather than
state revenue sources). However, these states face serious limits
in the degree to which they could provide significant financial
support for Corridor improvements.

All of these states are currently contending with budgetary
deficits of up to 9% of the total budgets for 1991. As of early
1991, the total shortfall for the budgets of all four states was
approximately $2.5 billion out of total budgets reaching about $50
billion. In this environment, transportation authorities in these
jurisdictions are severely constrained, even in those states with
dedicated transportation revenue sources such as gasoline taxes.
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For example, the New York MTA’s 1992-1996 Capital Program Proposal
issued in April 1991, which includes the Long Island and Metro-
North Commuter Railroads, projects a capital funding shortfall for
the entire MTA system over 5 years in excess of $5 billion, less
than $5 billion being available for an identified $10.1 billion in

needed projects. This amount is barely sufficient for those
projects the MTA judged necessary to maintain current systems in a
state of good repair. It does not allow for either the normal

replacement of existing items such as rolling stock and track, or
for any improvements or expansions of current services.

Connecticut faces a similar situation. A recent study prepared for
the Connecticut Department of Transportation, Connecticut Statewide
Transit System Plan: Investing in Public Transportation 1990-2010,
identified $4.1 billion of capital investments for mass transit
within the state over the next 20 years. More than $3 billion of
this total is: for commuter rail services, with the remainder
allocated to bus service and special transit/high occupancy lanes
on highways. When operating costs are included, the study
projected a total requirement of $11 billion during this period,
against anticipated revenues of only $3.9 billion. This shortfall
of more than $7.1 billion exists in spite of having a dedicated
Special Transportation Fund supported by gas tax and other
revenues. (In 1990, $600 million was expended from this fund.)
Given the extent of these and other state deficits, states, and
their transit authorities will be very limited in their capability
to fund significant improvements to the Corridor.

Metro-North Commuter Railroad had operating expenses of $414
million in 1990 against revenues of only $242 million. Of the
resulting deficit of $172 million, approximately $64 million was
attributable to the New Haven Line. The deficit was met by New
York MTA ($132 million, with $24 million toward the New Haven Line)
and Connecticut DOT ($40 million, all for the New Haven Line).

The Massachusetts Bay Transportation Authority expended
approximately $490 million in 1990. Approximately $82 million of
this amount was for commuter rail, half involving operations on the
Corridor. Revenues covered about 40% of the commuter rail
expenditures.

Reauthorization of the Surface Transportation Assistance Act
(STAA), currently before the Congress, could substantially affect
both the amounts received by states and their flexibility in
applying those funds to various transportation needs. Regardless
of the form the STAA takes, however, resources available to the
states are likely to remain well short of meeting identified needs.
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The Private Sector

Major transportation infrastructure projects are often unappealing

to private investors. Such projects normally require very large
amounts of the funding prior to coming into operation and
generating revenue. 1In the case of such large-scale projects as

tunnels, bridges, airports or long-distance roads, this period of
time can stretch to a decade or even more. This significant gap
between investment and the start of the payback can lead to a
minimal or negative return on investment. Only a high degree of
confidence in ultimately receiving a substantial stream of revenues
can overcome this obstacle.

Another major impediment to private investment in fixed-plant
infrastructure projects is that the facility cannot be sold or
moved to a more profitable location if the expected return is not
realized. For example, if traffic for a toll bridge fails to reach
anticipated levels, the .investment can become very unprofitable
over time, and the structure  cannot be diverted to another
function.

On the other hand, private investors are traditionally much more
willing to invest in the vehicles that use the infrastructure--rail
cars and locomotives, ships, aircraft and trucks--because they are
mobile and can be easily shifted from less profitable to more
profitable routes and uses, or can be sold.

Amtrak has turned to private investors to fund several of their
recent major rolling stock purchases, although this approach may
have reached the limit that can be supported by current revenue
streams. Assessment of its potential for acquiring additional NEC
rolling stock is beyond the scope of this study.

For a specific improvement project, electrification, another
possibility exists. It is possible that electric utilities would
assist in its financing, based, for example, on a later surcharge
imposed on Amtrak’s billings for electricity. The magnitude and
likelihood of this funding mechanism are not known at present.

Amtrak: Nonpassenger Related Revenues

Amtrak’s revenues from intercity passenger traffic account for
about three-quarters of its total revenue base. The corporation is
looking aggressively to other revenue-producing operations to
assist in meeting its stated goal of becoming operationally self-
sufficient by the year 2000. For example, during FY 1990 the
transportation of mail, baggage and express accounted for about $38
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million, or about 3%, of Amtrak’s total revenues. In the same year
the operation of commuter rail services in Massachusetts, Rhode
Island, Connecticut, Maryland, the District- of Columbia and
California brought an additional $165 million in revenues.

Real estate development and operations has recently become another
significant nonpassenger revenue source for Amtrak. Prior to FY
1976, the corporation received virtually no revenues attributable
to real estate management. By FY 1981 this item generated about $9
million annually, rising to about $24 million by FY 1987 and $40
million in FY 1990. Amtrak expects this amount to more than double
by the year 2000. : :

Amtrak does own several potentially profitable properties on or
along the Northeast Corridor. These include:

o . 30th Street Station in Phlladelphla with 60 acres of adjacent
air rights;

o] Pennsylvanla Statlon in New York City, with space leased
to. both retail shops as well as  other commuter rail
providers;

o Sunnyside rail yard in Queens, which at 80 acres is one

of the largest remaining undeveloped. parcels of land in
New York City; and :

o the track right-of—way itself, on which communlcatlons
companies such as MCI and AT&T have pa1d for the rlght to
run long-dlstance lines.

, Injaddition,.the corporation has leased, renovated and/or sold more
than one-half of the more than 100 passenger stations it acquired
along with the NEC right-of-way.

Similar opportunities, if not as extensive, exist for commuter rail
operators along the Corridor. For example, the MBTA is studying
the use of air rights at Boston’s South Station- and 'property
adﬁacent to the Route 128 passenger stop to generate revenues fronm
real estate development. CDOT owns about 75 acres at the New Haven
railroad station complex, including maintenance shops and
facilities, and has already participated in joint development
projects along the New Haven Line. For example, it contributed $4
million toward a $60 million residential and retail development
near South Norwalk station in return for commuter parking spaces.



Although real estate development and revenues from freight and
other operations may increase future revenues, the magnitude of
such income from locations on the Corridor is unlikely to approach
more than a small fraction of the total investment in NEC capital
projects needed for major service improvements. For example,
Amtrak’s total nationwide real estate income is projected at only
about $80 million by the year 2000.

Valué-Capture

Private funding can consist of either of two concepts: first, as
investment of private capital, usually as part of a joint public-
private venture; and second, as a contribution to the public cost
of operating a service through such means as "value capture
taxation" or the establishment of "benefit assessment districts."
Joint ventures typically consist of the public agency or authority
contributing land and/or air rights or real estate, with the
private partner investing capital in developing these assets in a
way that generates revenue for both parties. As discussed
previously, the current real estate climate. in the Northeast
suggests that this would not be a promising source of large -scale
capital in the near term.

The second method is represented by concepts such as that recently
proposed to support a High-Speed Rail project in Florida, in which
owners of real estate adjacent to the new right-of-way whose
property will appreciate in value or whose business incomes will
increase because of this proximity would be assessed a fee or tax
on this increase. This type of "value capture" has also been
proposed in other nations such as the United Kingdom as a means of
funding new 1light rail systems for access to major property
developments such as London’s "Docklands."

However, this method has met with limited success elsewhere in the
U.S. Given the high level of development of the NEC which already
exists, and the modest projected near-term economic growth rate in
the Northeast, the relevance of this approach to funding of
Corridor improvements appears very limited.

The Federal Government

Historically, the Federal government has been a major source of
funds for NECIP improvements. As noted previously in Table 3-2,
the Federal share of total funds for these NECIP-related projects
between New York and Boston was approximately 75%: $1.46 billion of
the total $1.94 billion spent between 1970 and 1990. About 54% was
NECIP funding via FRA, with the remainder in the form of capital
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grants from UMTA. If a decision were to be made to provide funds
for future Corridor improvements from the Federal government, the
most 1likely mechanisms would be specific direct appropriations
channeled through FRA to Amtrak and capital grant funds from UMTA
to state governments or transportation agencies.

In addition to these FRA and UMTA funding sources, the Federal
Highway Administration (FHWA) manages a "Highway Bridge Replacement
and Rehabilitation Program” (HBRRP) with a current annual
authorization level of approximately $1.6 billion. As with most
such. programs, the HBRRP has specific formulas and categories of
bridges that can and cannot be included. Funds cannot be used for
railroad bridges, but they can be used on road bridges crossing .
over rail 1lines. The projects funded by this program have the
potential to improve service and trip times along the Northeast
Corridor through upgrading substandard or deteriorating road
bridges crossing over the Corridor.

Some proposed versions of the Surface Transportation Assistance Act
have included funding directed toward high-speed intercity public
transportation. While currently directed toward R&D for magnetic
levitation, this suggests the possibility that funds for rail
corridor improvements could become available from this source. The
Office of Technology Assessment has suggested, for example, that
the role of rail passenger service in relieving airport and highway
congestion might justify using surface trust fund monies to support
Amtrak capital investments in urbanized areas such as that served
by the NEC. ‘
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4. IMPROVEMENT PROJECTS AND ALTERNATIVE OVERALIL PROGRAMS
INTRODUCTION AND OVERVIEW

This study had three central tasks: (1) identification and
characterization of projects to rehabilitate the NEC and improve
trip time and service quality for New York-Boston rail passengers,
(2) assembly of those projects into a set of alternative overall
improvement programs providing successively faster travel, and (3)
characterization of each overall program in terms of travel time,
cost, 1logical implementation sequence, and ridership other
benefits.

Eighteen projects were identified and used to structure five
alternative improvement programs. Technical understanding of the
need for each project and the nature of the improvement was based
on available documents, supplemented by discussions with involved
parties and information requested from appropriate organizations.
VNTSC participated with FRA, Amtrak and Metro-North in special
examinations of two.topics: improvements at. .the interlocking near
New Rochelle, and curve-by-curve assessment of the maximum speed
limits potentially feasible along the entire route from New York to
Boston. Findings from this process were reviewed by the
organizations providing the information.

Based on initial estimates of time savings and cost, the projects
were grouped into. programs representing a hierarchical succession
of trip time reductions and total cost. Trip time was calculated
for the speed limit profile appropriate to each of the improvement
programs, and repeated for several categories of rolling stock.
Existing travel demand models were used to assess the ridership
expected to result from the calculated trip times, under reasonable
assumptions concerning fare and departure frequency.

Although many of the projects are relatively independent of one
another, there are some interrelationships that affect schedule.
An approximate logical schedule was developed for each progranm,
with annual program expenditures estimated based on a uniform rate
of expenditure over the course of each project.

The results of the project and program characterization process are
presented in Section 4. The results of the alternative programs in
terms of projected ridership and associated societal benefits are
described in Section 5. Remaining uncertainties and necessary
circumstances and conditions for actual implementation of any of
the improvement programs are discussed in Section 6.
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POTENTIAL IMPROVEMENT PROJECTS

Proiject Characterization

Projects Identified: The mandate for this study specifically
included not only review of previously identified improvements, but
also identification of new projects. Given the energies devoted to
the Corridor during the last 30 years, one would not expect any
totally innovative findings. However, several projects or project
elements not emphasized in more-recent NEC studies and proposals
were identified. These include a new look at the potential for
curve realignment, ballasting of open-deck bridges, and the
importance of bridge clearance considerations in electrification.
Within the "trackwork" category, many opportunities were found to
increase speed by providing greater track superelevation than is
now in place. Appendix C provides a review of the various factors
which constrain operating speeds.

Table 4-1 lists the 18 identified improvement projects, with. an
indication of their estimated cost and the manner in which they
would improve Corridor service. The table also shows the right-of-
way owner at each location. Appendix A contains detailed informa-
tion concerning each project, presented in a standard format.
Table 4-1 and Appendix A are the foundation for the structuring of
alternative improvement programs described later in this section.
Appendix D describes the detailed analysis conducted to assess the
potential costs and trip-time benefits of curve realignments.

As indicated in Table 4-1, the projects identified in this study
are of two kinds: (1) Rehabilitation--primarily motivated by
safety considerations or needed to bring major elements of the NEC
rail infrastructure to a state of good repair (though some of these
projects have modest speed benefits or lay a foundation for higher
speéds), and (2) System Improvement--contributing to improved
scheduled running time and reliability of service. Some are
localized (involving a specific bridge, station or interlocking,
while others are distributed across part or all of the system
(signal system, track improvements). Table 4-2 lists the projects
organized by owning agency, with an. estimated allocation of
distributed improvements among multiple owners.



TABLE 4-1. SUMMARY OF CANDIDATE IMPROVEMENT PROJECT CHARACTERISTICS

CHARACTERISTIC:| Total Cost Significant Critical to Critical to Critical to | Safety Impact Owner
: ($M, 1991) Direct Trip Higher Speed Reliability Capacity

PROJECT: Time Impact Operation
SYSTEM REHABILITATION PROJECTS it
Penn Station/Tunnel $366 M , X Amtrak
Catenary Replacement 350 X X CDOT
Peck Bridge 86 X X CDOT
Movable Bridges 64 X X CDOT/Amtrak
Fixed Bridges 213 X : ‘ All

Harold Interlocking 65 X X Amtrak/LIRR

Shell Interlocking 30 , X X X MTA
Stamford Island Platforms 30 X X . X CDOT

|| New Haven Terminal 55 X ' CDOT/Amtrak

 {| New Haven-Norwalk 4th Track - 20 X MTA

d, Canton Viaduct . .9 X MBTA
Track Improvements 214 X All
| Signal System Upgrades 13-44 X All
Grade Crossings 10 X Amtrak/MBTA
Station Improvements 32 X ' MBTA/Amtrak
Electrification 445 X Amtrak/MBTA
Curve Realignments 715 X All
New ROW Alignment 1180 X Amtrak

NOTE: Some projects have already received initial funding by State or Federal agencies. The cost shown in this table is that portion
of the total cost in excess of current and past appropriations, expressed in millions of 1991 dollars.



The system improvement projects contribute to improved service in
a variety of ways. While some have a direct impact in terms of
allowing an increase in authorized train speed, others play a less
obvious role. ‘Several projects, including signal systems and fixed
bridge improvements, are critical to safety or comfort, and high-
speed limits--obtained by straightening curves or other efforts--
cannot be used without them. Other projects remove sources of
congestion and traffic conflict, or limitations on capacity--either
now, or at the expanded traffic levels anticipated for the future.

TABLE4-2. IMPROVEMENT PROJECTS LISTED BY OWNING ORGANIZATION. DISTRIBUTED
PROJECTS SUCH AS MOVABLE BRIDGES AND TRACKWORK ARE DIVIDED AMONG
MULTIPLE OWNING AGENCIES. COSTS SHOWN ARE UNFUNDED PORTION, EXPRESSED

IN 1991 DOLLARS.

Total Cost Operators
OWNER: ($M)
Amtrak
Penn Station/Tunnel $366 M Amtrak
Hell Gate Catenary Structures 3 Amtrak
Hell Gate Viaduct Rehab./Bridge Conv. 50 Amtrak
Electrification (Conn., RI) [Incl. bridge clearances) 344 Amtrak
Movable Bridges 54 Amtrak
Fixed Bridges (New Haven - Mass. Line) 39 Amtrak
Curve Realignments (New Haven - Mass. Line) 657 Amtrak
New ROW Alignment 1180 Amtrak
Grade Crossings 9 Amtrak
Track improvements {(New Haven - Mass. Line) 20 Amtrak
Track Improvements (Hell Gate) 12 Amtrak
Signal Systems (New Haven - Mass. Line) 115 Amtrak
CDOT. - SRR A : " - .
Peck Bridge 86 MNCR/Amtrak
Catenary Replacement 350 MNCR/Amtrak
Stamford Island Platforms 30 MNCR/Amtrak
New Haven-Norwalk 4th Track 20 MNCR/Amtrak
New Haven Terminal 55 MNCR/Amtrak
Moveble Bridges 0 MNCR/Amtrak
Fixed Bridges 105 All
Curve Realignments 51 All
Signal Systems 24 All
MTA = . - s PR
Shel! Interlocking 30 MNCR/Amtrak
Harold Interlocking 65 Amtrak/LIRR
Movable Bridge {Peltham Bay) 10 Amtrak
Fixed Bridges 15 MNCR/Amtrak
Track Improvements 8 MNCR/Amtrak
MBTA
Electrification (Mass.) 111 Amtrak
Canton Viaduct 9 Amtrak
Grade Crossings 1 Amtrak
Fixed Bridges 15 Amtrak
Track Improvements 33 Amtrak
Curve Realignments 7 Amtrak
Station Improvements (Rt. 128) 7 Amtrak *




While some of the rehabilitation projects also have a beneficial
impact on travel time, reliability or reduction of congestion, the
principal impetus for them is either safety or replacement of fixed
plant which has greatly exceeded its service life and now produces
operational 1limitations, high maintenance costs and continuing
threats to system reliability.

Although some candidate projects have been studied extensively, and
a few have already been initiated, others exist only conceptually,
based on little or no detailed analysis or preliminary desidn.
While direct benefits~-in terms of higher speed 1limits or
elimination of current impediments to reliable service--can be
estimated with confidence, cost poses a more formidable challenge
and estimates are necessarily approximate.

Cost Estimation: Projects for which substantive cost estimates
were available from prior or concurrent studies were reviewed for
completeness and expressed in constant 1991 dollars. For other
projects, which included most of those identified, independent
estimates were prepared based on a conceptual level of detail. A
contingency factor of 30% was applied to the base estimate in-each
case to arrive at total construction cost. An allowance of 10% for
engineering and design, 8% for construction management, and 5% for
agency and administrative cost (including flagging protection) was
added to arrive at total estimated project cost. In each estimate,
the work was broken down into earthwork, structures, trackwork,
catenary, signals, and allowance for maintenance of traffic as
appropriate. Most estimates are based on very liﬁited_gite—
specific information and are subject to further detailed
investigation and confirmation; however, they are believed to be
sufficient to support broad budget formulation.

All costs are expressed in 1991 dollars; appropriate adjustment
for future inflation would be necessary to determine total current-
year dollar estimates for any definite construction schedule. This
approach thus yields cost estimates which differ from any estimates
in other documents that include adjustments for future inflation.

Many of the projects identified have already been allocated initial
funding, often for design studies or initial work. The estimates
in Table 4-1 and other tables show only the remaining unfunded
portion of the cost, which is another reason for differences
between the table entries and figures shown in other documents.
Funded, unfunded, and total cost estimates are shown in the logical
sequence charts accompanying the improvement progr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>